In an infant with patent ductus arteriosus and pulmonary hypertension, elevated pulmonary vascular resistance persisted following ligation of the ductus. Histologic examination of a pulmonary biopsy at two years of age and tissue obtained at autopsy at three years of age showed obstructive pulmonary vascular disease. The question as to whether the organic pulmonary vascular lesions are secondary to the effects of the patent ductus or part of primary pulmonary hypertension cannot be resolved. The age of the patient favors a primary etiology.
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Additional Indexing Words:
Hypertensive pulmonary vascular disease BSTRUCTIVE PULMONARY VASCULAR DIS-0 EASE is recognized as a potential complication of the altered dynamics in various communications between the two circulations such as atrial or ventricular septal defects and patent ductus arteriosus (hereinafter called septal defects). Yet, the structural characteristics of the pulmonary vascular bed late in this process are shared by the findings in late stages of primary pulmonary hypertension.
Because of the histological similarities, distinguishing the source of obstructive pulmonary vascular disease depends upon the gross characteristics of the central circulation. When a septal defect is present, existing obstructive pulmonary vascular disease is usually designated as a complication of the identified septal defect. If no gross communication between the two circulations is present, the histologic findings in the lungs are considered a part of the late stage of primary pulmonary hypertension.
Primary pulmonary hypertension
There are situations, however, wherein one cannot be certain that the pulmonary vascular disease is, in fact, secondary to an existing defect, since it is possible for primary pulmonary hypertension to be present in an individual with a septal defect without that condition being the contributing cause of pulmonary vascular disease. Such a question arises particularly in infants and young children, since among patients with various septal defects, complicating obstructive pulmonary vascular disease is exceedingly uncommon in patients under the age of three years. In the present case with patent ductus arteriosus it is impossible to establish, with certainty, the basis for obstructive lesions in the pulmonary vascular bed.
A male infant was first examined at the age of four months because of pulmonary "congestion." Physical examination showed a grade II/VI, "to-and-fro" murmur at the upper left sternal border. The hepatic edge lay 4 The picture was that of hypertensive pulmonary vascular clisease, grade III (Heath-Edwards).
The pulmonary tissue obtained at autopsy showed more extensive pulmonary vascular disease (fig. 4) . Mledial hypertrophy was clearly evident in the large and sorne small muscular arteries. Many small mtuscular arteries showecl luminal obstruction by plexiform lesions beyond which the arterial walls were thin. An occasional focus showed a collection of dilated small muscular arteries, a picture resembling the so-called "dilatation lesions." One large muscular artery showed replacement of its wall with fibrous tissuet in(licating a healed stage of necrotizing arteritis. The lurmen of this vessel was occluded by an organized thromrbus.
In view of the evidence for arteritis and the presence of plexiform and dilatation lesions, the hvpertensive pulmonary vascular disease was categorized as grade VI (Heath-Edwards).
Comment
In the child whose case is clescribed, severe hypertensive pulmonary vascular disease was associated with a patent ductus arteriosus. The structural charnges observed in the pulmoniary arterial system conform to complicating lesions that may oc-P/ilomoniirogrtplis of pulmionariy arteries obtainied at autopsyj in ti/i (ttm I ri/ni l a .a ltargr muscuait/r anrtery slton' ttttt(litil hylptrtrop1/i atint sonicelasti.osis of the intinit. A branch slorws a plexifori lesion (P The arterial trall )eyi/oi(l tlie plexiforni lesiotn is ti/ii. / last it tissnt stain; X 43 1b) A smtall miutist iiltr arteriy onfainiiig a p)l(eXifotrniE lesion 1P'.) Ilie tira/i is trooplied. Elastic (fig. 5 ). The changes are also compatible with late changes of primarv pulmonary hypertensiorn ( fig. 6 ). When attempting to determine whether the basis for these changes was secondary to the patent dluctus or primary pulmonary hypertension, it is "safest" to consider them as part of a given disease state such as the patent ductus arteriosus. While such a conclusion cannot be entirely refuted in the case presented, it is unusual for severe pulmonary vascular disease to complicate septal defects in patients unider three years of age.
B3lount and associates' indicated that a patent duetuis arteriosus rnay have more marked effect on the pulmonary circulation than a ventricular septal defect anid that irreversible pulmonary vascular changes may occur undler two years of age. EIlemodynamic and pathologic evidence of this, however, was not presented. These researchers stated that they had seen one case with fixed pulmonary vascular changes at two-and-a-half months of age. No other data were presented. Rudolph and Nadas3 briefly described a Figure 5 Photominrograph.s of piilirtotiary arteries from aduiltls with patent dIzct its arteriosus (arnd hypertensice pildrionriary vascullar disease. (1) I'l'hotniiaz rograpl1s E oj' ptlnmonaryl arteries frot an adutlt with primary pulItionat y /iypertensioit. a) A large iuscular artery sh/ows tmn lial htypertrop/hy aid nonspmcific intinail prolifetation .A branch s/8uJc,v o pl xiformt lesion'(P.). I lastic tissue stain; X 86 In) A large miuscutlar artery S/tows arteritis. Ihere, is necrosis of the wall with case of a patient with patent ductus arteriosus with irreversible pulmonary vascular changes who was operated on at one year of age and died a year later of right-sided cardiac failure. No pathological evidence is presented in this case. In 1967, Wagenvoort and associates4 did histologic studies upon biopsies of the lung of 44 patients with ventricular septal defect, the patients ranging in age from four months to 30 years (average, 9.1 years). Plexiform lesions were found in two patients, aged three and seven years, respectively. In the same study, 74 cases of isolated patent ductus arteriosus were studied (age range, five months to 43 years; average, 8.6 years). In none were plexiform lesions observed.
In an earlier study, Wagenvoort and associates5 studied the lungs obtained at autopsy from 50 subjects with ventricular septal defect, ranging in age from fetal life to 12 years. Plexiform lesions were not found under two and a half years of age. In our case with patent ductus arteriosus, obstructive pulmonary vascular disease was confirmed at the age of two years by biopsy of the lung and abnormally high levels of pulmonary vascular resistance identified even as early as eight months of age. In a six-month-old infant with total anomalous pulmonary venous connection to the right atrium, Levy and associates6 observed severe obstructive pulmonary vascular processes, including plexiform lesions.
Based upon the age at which pulmonary hypertensive vascular disease was found in the case described, we favor the view that a primary pulmonary vascular condition was present. While definitive proof cannot be given, we were led to our conclusion by the following findings. At the age of four months the pulmonary and systemic systolic pressures were equivalent and only a left-to-right shunt was present. These features are compatible with those of a wide "hypertensive" patent ductus without organic obstructive pulmonary vascular disease; however, four months following ligation of the ductus, the pulmonary arterial pressure had fallen only slightly. It was below systemic levels but remained at an abnormally high level in the presence of a normal cardiac output. The high levels of underlying pulmonary vascular resistance were probably, in part at least, governed by organic vascular lesions already present. Such lesions were later demonstrated by biopsy at the age of two years.
Regardless of the basis for the pulmonary vascular disease, the degree of vascular change had markedly increased from the time of biopsy at two years to the time of death at three years. While progression of vascular disease is a reasonable assumption, the diagnostic accuracy of a pulmonary biopsy is not uniform. For example, Wagenvoort and associates4 found that while plexiform lesions might be absent, in biopsied subjects who died shortly after the time of biopsy, autopsy might reveal numerous plexiform lesions.
The transatrial right-to-left shunt identified at two years of age is explained by the valvular competent foramen ovale identified at autopsy.
